Introduction
============

Myelodysplastic syndromes (MDSs) are a diverse group of clonal diseases derived from hematopoietic stem cells (HSCs), which are characterized by ineffective hematopoiesis, progressive bone marrow (BM) failure and a substantial risk of progression to acute myeloid leukemia (AML) ([@b1-ol-0-0-10788],[@b2-ol-0-0-10788]). Although the majority of previous studies have focused on the molecular and genetic changes in malignant hematopoietic cells, the mechanisms underlying the progression from less advanced MDS, with dysplastic progenitors and apoptosis in the bone marrow, to advanced MDS, with an excess of blasts, have not been elucidated ([@b3-ol-0-0-10788],[@b4-ol-0-0-10788]). Accumulated evidence in recent years has demonstrated that MDS is a complex disease that involves abnormalities in HSCs and the bone marrow microenvironment ([@b4-ol-0-0-10788]--[@b6-ol-0-0-10788]).

Mesenchymal stem cells (MSCs), which possess the ability of self-renewal and multiple differentiation potential, serve important roles in the support of hematopoiesis and maintaining immune homeostasis ([@b7-ol-0-0-10788],[@b8-ol-0-0-10788]). The deletion of dicer 1, ribonuclease III in the mesenchymal lineage induced an MDS-like phenotype, while the deletion of SBDS ribosome maturation factor in MSCs induced genotoxic stress through inflammatory tumor protein p53 (TP53)-S100 calcium binding protein A8/9-TLR4 signaling in animal models ([@b5-ol-0-0-10788],[@b6-ol-0-0-10788]). In addition, MSCs derived from patients with MDS are required for the propagation of MDS-initiating Lin-CD34+CD38 stem cells in orthotropic xenografts ([@b4-ol-0-0-10788]). Although knowledge about the role of MSCs in patients with MDS is limited, studies have revealed that MSCs derived from patients with MDS (MDS-MSCs) exhibited a senescent phenotype, which included decreased proliferation and differentiation potential and the production of secreted factors, such as jagged-1, C-C motif chemokine ligand 3 and vascular endothelial growth factor, which promote the progression of MDS ([@b4-ol-0-0-10788],[@b9-ol-0-0-10788]--[@b11-ol-0-0-10788]). Senescence in MDS-MSCs that do not have shortened telomeres may be induced by the upregulation of the mitogen-activated protein kinase 14/mitogen activated protein kinase/CDKN1A signaling pathway and the abnormal expression of microRNAs. The blocking of these pathways successfully reversed senescence in MDS-MSCs ([@b9-ol-0-0-10788],[@b12-ol-0-0-10788],[@b13-ol-0-0-10788]). MDS-MSCs may therefore provide a potential target for therapeutic interventions.

Decitabine (5-aza-2-deoxycytidine), an inhibitor of DNA methyltransferases, has a wide range of anticancer activities ([@b14-ol-0-0-10788]). Previous studies suggested that the differentiation and immunomodulatory function of MSCs maybe regulated by decitabine ([@b15-ol-0-0-10788],[@b16-ol-0-0-10788]). However, whether this applies to MDS-MSCs and whether it has potential clinical significance remains unknown. The current study isolated primary MSCs cultures from the bone marrow of patients with different MDS subtypes and investigated the effects of decitabine on their proliferation, differentiation and immunomodulatory functions.

Materials and methods
=====================

### Patients and samples

Bone marrow specimens were obtained from 40 patients with newly-diagnosed MDS (median age, 54 years; range, 24--80 years) at the Guangdong General Hospital between January 2014 and March 2015. According to the World Health Organization 2008 classification of MDS ([@b17-ol-0-0-10788]), 15 patients (37.5%) had refractory cytopenia with multilineage dysplasia, 2 patients (5.0%) had refractory anemia with ringed sideroblasts, 14 patients (35.0%) had refractory anemia with excess blasts, 4 patients (10%) had unclassified MDS and 2 patients (5.0%) had AML with myelodysplasia-related changes ([Table I](#tI-ol-0-0-10788){ref-type="table"}). In addition, there were 3 patients (7.5%) with chronic myelomonocytic leukemia. Primary MSCs cultures were successfully generated from 28 of these 40 patients. Written informed consent was obtained from all patients and donors, and the study was performed in accordance with the Declaration of Helsinki and approved by the Research Ethics Committee of Guangdong General Hospital, Guangdong Academy of Medical Sciences.

### Isolation and culture of BM-MSCs

Mononuclear cells were isolated from fresh BM aspirates at the time of initial diagnosis by centrifugation at 600 × g for 15 min at room temperature using Ficoll-PaquePlus density gradient (specific gravity 1.077 g/ml; Sigma Diagnostics, Inc., Livonia, MI, USA). Mononuclear cells (1--7×10^7^ cells) were seeded and cultured in Human Mesenchymal Stem Cell Growth Medium supplemented with 10% fetal bovine serum (FBS), 2 mM glutamine, 100 U/ml Penicillin-Streptomycin \[Cyagen Biosciences (Guangzhou) Inc.\] at 37°C with 5% CO~2~ in a fully humidified atmosphere. After 72 h, the culture medium was replaced and non-adherent cells were removed, thereafter medium was replaced twice a week. Upon reaching \>70--80% confluence, cells were detached with 0.25% trypsin-EDTA (Gibco; Thermo Fisher Scientific, Inc.) and were seeded at 1×10^4^ cells/cm^2^ in T-25 flasks. All experiments were performed using MSCs derived from passages (P) 2--4. To fulfill the criteria of the International Society for Cellular Therapy ([@b18-ol-0-0-10788]) and to exclude contamination of MSCs cultures by hematopoietic cells, MSCs were suspended in 50 µl FC block (cat. no. 564219; 1:100; BD Biosciences) on ice for 10--15 min. MSCs were washed twice with PBS containing 2% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and were incubated for 30 min at room temperature with antibodies against CD34 (cat. no. 555821), CD45 (cat. no. 555482), CD73 (cat. no. 550257), CD166 (cat. no. 560903), CD90 (cat. no. 555595) and CD105 (cat. no. 560839). All antibodies were used at a dilution of 1:100 and purchased from BD Biosciences. Following incubation with the primary antibodies, cells were subsequently fixed with 2% paraformaldehyde (w/v) overnight at 4°C, in the dark. The same-species, same-isotype non-specific antibodies (mouse IgG~1~, κ; cat. cat. no. 555749 for CD73 and CD166; mouse BALB/c IgG~1~, κ; cat. no. 555748 for CD90, CD34 and CD45; mouse BALB/c IgG~1~, κ; cat. no. 554680 for CD105; all 1:100 and purchased from BD Biosciences) were used as negative controls, and were incubated for 30 min at room temperature. Cell analysis was performed using a flow cytometer and FlowJo software (version 10; FlowJo LLC).

### MSCs differentiation

The differentiation potential of MSCs toward the osteogenic and adipogenic lineages was assessed. In brief, MSCs (P2) were induced for adipogenesis following culture in Human Mesenchymal Stem Cell Adipogenic Differentiation medium \[ADM; Cyagen Biosciences (Guangzhou), Inc.\] containing 1 mM dexamethasone, 0.2 mM rosiglitazone, 0.5 mM 3-isobutyl-1-methylxanthine, 0.01 mg/ml insulin and 10% FBS for 14 days. After 72 h, the ADM was replaced with adipogenesis maintenance medium \[AMM; Cyagen Biosciences (Guangzhou), Inc.\] containing 0.01 mg/ml insulin and 10% FBS in Dulbecco\'s modified Eagle\'s medium. The spent AMM was replaced with fresh AMM following 24 h. The treatment was repeated three times to achieve full adipogenic differentiation and the adipocyte phenotype was determined by Oil Red O staining. In brief, cells were washed with PBS and fixed with 4% (w/v) paraformaldehyde (Sigma-Aldrich; Merck KGaA) in PBS for 30 min at room temperature. After discarding the paraformaldehyde, cells were evenly covered with 0.5% Oil Red O working solution (prepared 15 min before use by adding, mixing and filtering 3 parts of Oil Red O stock solution to 2 parts of water) \[Cyagen Biosciences (Guangzhou) Inc.\] for 30 min at room temperature and washed twice with PBS. Cells were covered with water and observed under a light microscope and images were captured (magnification, ×100). Lipid droplets appeared red. The osteogenic differentiation was performed as previously described ([@b19-ol-0-0-10788]), and the osteogenic phenotype was subsequently visualized by Alizarin red staining. In brief, cells were washed with PBS and fixed with 4% (w/v) paraformaldehyde (in PBS for 30 min at room temperature. Cells were stained with Alizarin Red \[1%w/v; Cyagen Biosciences (Guangzhou) Inc.\] for 5 min, then washed with distilled water, and finally air-dried at room temperature. Cells were covered with water and observed under a microscope. Images were captured (Olympus, IX70, Japan) at the time of observation. Mineralized matrix deposition appeared red.

### Decitabine treatment

A previous study revealed that the antitumor effect of 0.02--0.30 µM decitabine *in vitro* corresponded with the concentration of the clinically administered dose of decitabine and did not cause immediate cytotoxicity in primary leukemic and epithelial tumor cells *in vitro* ([@b20-ol-0-0-10788]). A previous study revealed that a concentration of decitabine \<10 µM did not inhibit the proliferation of MDS-MSCs, and 0.25 µM decitabine induced the immune response and enhanced the sensitivity of tumor cells to immune cells *in vitro* ([@b21-ol-0-0-10788]). Decitabine is generally administered daily for 5 consecutive days in a clinical setting ([@b22-ol-0-0-10788]). Therefore, the current study analyzed the effect of decitabine on MDS-MSCs for 5 days. Decitabine was dissolved in PBS (pH 7.4) to obtain 25 µM stocks and stored at −20°C. The same volume of PBS was added to cells in the control group. The cells were used for subsequent experimentation following 5 days of decitabine treatment at 37°C with 5% CO~2~ in a fully humidified atmosphere.

### Cell viability assay

A methyl triazolyl tetrazolium (MTT)-based assay was used to study the effect of decitabine on the viability of the expanded MDS-MSCs at P3. Briefly, cells were seeded at a density of 3,000 cells/well in 96-well plates for 1--7 days and treated with decitabine or PBS. The cell viability was measured every 24 h for 168 h, MTT solution (5 mg/ml) was added and the cultures were incubated for 4 h. The MTT-formazan crystals were dissolved overnight in 20% SDS and 50% dimethylformamideat pH 4.7 and absorbance was measured at a wavelength of 570 nm.

### Cell cycle assay

BM-MSCs (P2) treated with decitabine or PBS for 5 days were fixed with 70% (w/v) ice-cold ethanol overnight at 4°C, washed twice with PBS and treated with 50 µg/ml RNase for 30 min at 37°C followed by 10 µg/ml propidium iodine (PI) for 30 min in the dark at 4°C. DNA content was analyzed using a flow cytometer and FlowJo software (version 10; FlowJo LLC).

### Apoptosis assay

BM-MSCs (P2) were treated with decitabine or PBS for 5 days and the number of apoptotic cells was quantified using the Annexin V-FITC Apoptosis Detection kit (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol. Cells were incubated 7-AAD for 30 min on ice. Early apoptotic cells were defined as Annexin V^+^/7-AAD^−^cells, whereas late apoptotic, dead cells presented as Annexin V^+^/7-AAD^+^ and annexinV^−^/7-AAD^+^, respectively. The analyses were performed using a flow cytometer and FlowJo software (version 10; FlowJo LLC).

### MDS-MSCs and peripheral blood mononuclear cells (PBMCs) co-culture

MDS-MSCs (P3) were seeded in a six-well plate at a density of 1×10^5^ cells/well on day 0. On day 4, 10 µM mitomycin C was added and the cells were incubated for 4 h at 37°C with 5% CO~2~ in a fully humidified atmosphere. The MSCs were trypsinized and washed twice with PBS. The MSCs were seeded onto 12-well plates at a density of 2×10^4^ cells/well. Human peripheral blood mononuclear cells (PBMCs) from healthy donor were isolated by centrifugation (600 × g for 15 min at room temperature) using Ficoll-PaquePlus density gradient (specific gravity 1.077 g/ml; Sigma-Aldrich; Merck KGaA). PBMCs were resuspended in RPMI-1640 complete medium (10% FBS, 1 mM L-glutamineand 100 U/ml penicillin/streptomycin; Thermo Fisher Scientific, Inc.). PBMCs (2×10^5^ cells/well) were added to each well and stimulated with 5 µg/ml anti-CD3 (cat. no. 16-0037; 1:500; BioLegend, Inc.), 1 µg/ml anti-CD28 (cat. no. 16-0289; 1:200; BioLegend, Inc.) and 200 IU/ml recombinant interleukin 2 (cat. no. 200-02; 1:500; PeproTech). MDS-MSCs with treated with decitabine or PBS and PBMC cells were co-cultured at a 1:10 ratio for 5 days in RPMI-1640 complete medium at 37°C with 5% CO~2~ in a fully humidified atmosphere prior to further experimentation.

### Flow cytometry analysis

For immunophenotype analysis, the suspended cells from the co-cultures were harvested and washed with PBS containing 0.5% bovine serum albumin (BSA; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), and incubated with primary antibodies (10--20 ng/ml) for 30 min at 4°C. The Human Regulatory T Cell Staining kit (cat. no. 88-8995; eBioscience; Thermo Fisher Scientific, Inc.) included primary antibodies against CD4, CD25 and forkhead box P3 (FOXP3; antibodies all 1:100). Same-species, same-isotype non-specific antibodies (cat. no. 15-4321; 1:100; eBioscience; Thermo Fisher Scientific, Inc.) were used as a negative control. Cell analysis was performed with FlowJo software (version 10;FlowJo LLC).

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA was extracted from P3 undifferentiated BM-MSCs using the RNeasy Mini kit (Qiagen GmbH, Hilden, Germany), according to the manufacturer\'s protocol. cDNA was prepared using the Revert Aid™ First Strand cDNA Synthesis kit (Fermentas; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol. A total of 1 µg total RNA was added to 20 µl total cDNA synthesis volume. qPCR was performed with a reaction volume of 20 µl containing 10 µl of 2X Real Master mix (TakaraBiotechnology Co., Ltd., Dalian, China), 0.5 µl of each primer (10 µM), 1 µl cDNA and 8 µl distilled water. qPCR was performed on an ABI 7500 Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The thermocycling conditions were as follows: 95°C for 30 sec and up to 40 cycles of 95°C for 5 sec and 60°C for 34 sec according to the manufacturer\'s instructions. The primer sequences for runt-related transcription factor 2 (RUNX2), Sp7 transcription factor (SP7), cyclin dependent kinase inhibitor 1A (CDKN1A) and CD274 are presented in [Table II](#tII-ol-0-0-10788){ref-type="table"}. mRNA levels were quantified using the 2^−ΔΔCq^ method ([@b23-ol-0-0-10788]) and normalized to the internal reference gene β-actin.

### Statistical analysis

The results were statistically analyzed using SPSS software (version 20.0; IBM Corp.). The Student\'s t-test was used for analysis of two groups, and the one-way analysis of variance followed by the least significant difference post hoc test was used for the analysis of multiple groups. The results are presented as the mean ± standard deviation from at least three independent experiments. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Cell viability of MSCs from patients with MDS is not inhibited by decitabine

The immunophenotype of the MSCs isolated from patients with MDS was detected using flow cytometry. All cell samples were positive for CD90 (96.81±2.46%), CD166 (97.19±1.45%), CD73 (98.40±2.85%) and CD105 (99.17±1.27%) expression, but negative for CD45 (9.79±0.89%) and CD34 (2.12±0.99%) expression ([Fig. 1A](#f1-ol-0-0-10788){ref-type="fig"}). MDS-MSCs layers were observed under light microscopy and exhibited fibroblast-like morphology ([Fig. 1B](#f1-ol-0-0-10788){ref-type="fig"}). Under the appropriate differentiation conditions, MDS-MSCs were induced to differentiate into adipogenic and osteogenic cells ([Fig. 1C and D](#f1-ol-0-0-10788){ref-type="fig"}).

The effect of decitabine on the viability of MDS-MSCs was investigated by exposing cells to 0.25 µM decitabine and assessing the cell viability with a MTT assay. The number of live cells corresponding with the optical density of MDS-MSCs treated with decitabine was slightly lower compared with the controls over the 7-day culture period. However, no significant difference was observed between the two groups ([Fig. 2A](#f2-ol-0-0-10788){ref-type="fig"}). The apoptosis assay results showed that the percentages of early apoptotic cells, late apoptotic cells and dead cells in the control group were 4.19±1.16, 3.93±1.90 and 2.33±2.95%, respectively, whereas the percentages in the decitabine-treated group were 3.84±1.53, 4.39±2.23 and 3.02±3.91%, respectively ([Fig. 2B and C](#f2-ol-0-0-10788){ref-type="fig"}). No significant difference was observed between the control group and decitabine-treated group (P=0.618, 0.664 and 0.673, respectively; [Fig. 2D](#f2-ol-0-0-10788){ref-type="fig"}).

### Decrease of the cell number in G0/1phases in MDS-MSCs treated with decitabine

The present study investigated the effects of decitabine on the cell cycle by staining the nuclei of the untreated and decitabine-treated MDS-MSCs with PI ([Fig. 3A and B](#f3-ol-0-0-10788){ref-type="fig"}). Analyses of the cell cycle distribution following exposure to decitabine showed that the number of cells in the G1 phase (84.84±5.46%) was significantly reduced in comparison with that of the PBS group (89.77%; n=11; P=0.023) and was simultaneously accompanied by a significant increase in the number of cells in the G2/M phase (8.71±5.65 vs. 3.76±3.51%; n=11; P=0.017; [Fig. 3C](#f3-ol-0-0-10788){ref-type="fig"}). A significant difference in the number of cells in S phase between the two groups was not observed (6.34±2.87 vs. 6.48±2.78; n=11; P=0.910; [Fig. 3C](#f3-ol-0-0-10788){ref-type="fig"}). In line with these findings, the gene expression of CDKN1A, a key mediator of senescence ([@b19-ol-0-0-10788]), was slightly lower in the decitabine-treated group compared with the control group. Accordingly the ΔCq value of CDKN1A in the decitabine-treated group (4.86±1.35) was slightly higher compared with the control group (3.97±0.98). However, no significant difference was observed between the two groups (n=10; P=0.054; [Fig. 3D](#f3-ol-0-0-10788){ref-type="fig"}). The results obtained suggested that the senescent phenotype of MDS-MSCs seems to be partly ameliorated by decitabine treatment.

### Osteogenic differentiation of MDS-MSCs is not significantly affected by decitabine

The effect of decitabine on the ability of MDS-MSCs to differentiate into an osteogenic lineage was investigated. The results demonstrated that the ΔCq values of RUNX2 in MDS-MSCs without osteogenic induction were not significantly different between the two groups (3.67±1.22 for the decitabine-treated group; 3.15±1.46 for the control group; n=15; P=0.303; [Fig. 4A](#f4-ol-0-0-10788){ref-type="fig"}). The ΔCq value of SP7 slightly decreased in the decitabine-treated group (5.92±2.15) compared with the control group (6.00±1.46) but was not statistically significant (n=15; P=0.909; [Fig. 4B](#f4-ol-0-0-10788){ref-type="fig"}).

### Immunosuppressive phenotype of MDS-MSCs is reduced by decitabine treatment

In the present study, decitabine-or PBS-treated MDS-MSCs were co-cultured with PBMCs *in vitro*. The results indicated that decitabine-and PBS-treated MDS-MSCs efficiently generated CD4^+^CD25^+^FOXP3^+^Tregs from activated T cells compared with PBMCs alone (2.00±1.77% for PBMCs, 3.94±1.55% for the PBS group and 3.96±2.42% for the decitabine group, P=0.015 and P=0.014, respectively; [Fig. 5A and B](#f5-ol-0-0-10788){ref-type="fig"}). The effect of decitabine on the ability of MDS-MSCs to induce T cells into Tregs was investigated. The results showed that the induction of Tregs cell was decreased in nine out of 13 decitabine-treated MDS-MSCs samples. In the aforementioned nine samples of MDS-MSCs, the percentage of CD4^+^T cells was similar between the decitabine group and the PBS group (34.20±7.39 vs. 34.43±6.14%; P=0.944). Furthermore, the percentage of CD4^+^CD25^+^cells was not significantly different between the decitabine and PBS groups (4.27±2.33 vs. 4.03±2.89%; P=0.849). The induction of T cells to Tregs was lower in the decitabine-treated group compared with the PBS group (decitabine group, 2.56±0.93%; PBS group, 4.30±1.57%; n=9; P=0.019; [Fig. 5C](#f5-ol-0-0-10788){ref-type="fig"}). To minimize the effect of the two groups of MDS-MSC on CD4^+^T cells, the ratios of Tregs to CD4^+^ T cells in the two groups were calculated. The percentage of the decitabine group was lower compared with that of the PBS group (7.68±3.12 vs. 12.69±5.55%; P=0.031; [Fig. 5D](#f5-ol-0-0-10788){ref-type="fig"}).

As CD274 on MSCs serves an important role in inducing activated T cells to differentiate into Tregs ([@b24-ol-0-0-10788]), the effect of decitabine treatment on the expression levels of CD274 on MDS-MSCs was investigated in the current study. The ΔCq value of CD274 on the MDS-MSCs in the decitabine-treated group was significantly increased compared with the control group (12.36±0.32 vs. 11.24±0.91; P=0.010), indicating that the expression of CD274 on MDS-MSCs was inhibited by decitabine.

Discussion
==========

MDS is a complex disease that involves the hematopoietic and BM microenvironment ([@b4-ol-0-0-10788]--[@b6-ol-0-0-10788]). Previous studies demonstrated that the primary dysfunction of MSCs may contribute to the evolution of MDS ([@b5-ol-0-0-10788],[@b6-ol-0-0-10788]). The role of MDS-MSCs in the pathogenesis of MDS remains unclear; however, the senescent phenotype of MDS-MSCs may be involved in the progression of MDS and may be a potential therapeutic target ([@b4-ol-0-0-10788]). Therefore, the present study investigated the effect of decitabine on the senescent phenotype of MDS-MSCs.

The results obtained indicated that there was no significant effect on the growth potential, apoptosis and mRNA expression levels of transcription factors involved in the osteogenic differentiation of MDS-MSCs treated with decitabine compared with the control group. However, an altered cell cycle was detected in MDS-MSCs treated with decitabine; notably a decrease in the number of cells at the G1 phase and an increase in the number of cells at the G2/M phase compared with the control group. In addition, decitabine significantly diminished the induction of activated T cells to differentiate into Tregs by MDS-MSCs, which was associated with the decreased expression of PD-L1 on decitabine-treated MDS-MSCs compared with the control group.

A previous pharmacokinetic study revealed that decitabine exhibits *in vitro* antitumor effects on primary human leukemia cells at concentrations (0.02--0.30 µM) similar to which tumor cells in responding patients with MDS/AML are likely exposed to in clinical settings ([@b20-ol-0-0-10788]). Previous studies have also demonstrated that 0.10--0.25 µM decitabine can induce an immune response ([@b21-ol-0-0-10788],[@b25-ol-0-0-10788]). Therefore, 0.25 µM decitabine was selected to study effects on MSCs in the present study. However, other studies on solid tumor cell lines revealed that the growth of tumor cells was not significantly inhibited by decitabine at such low doses ([@b26-ol-0-0-10788],[@b27-ol-0-0-10788]). Decitabine at low doses may not cause cytotoxicity and DNA damage, but rather induces transcription of endogenous dsRNAs in ovarian cancer that activate the viral recognition and interferon response pathway, which lead to a tumor-inhibiting immune response ([@b14-ol-0-0-10788],[@b28-ol-0-0-10788]). The current study revealed that the mRNA levels of SP7 and RUNX2, the transcription factors involved in the early differentiation process toward osteoblasts ([@b10-ol-0-0-10788]), were not affected by 0.25 µM decitabine. These results indicated that the mRNA expression levels of the transcription factors involved in osteogenic differentiation in MDS-MSCs in the undifferentiated state were not affected by decitabine treatment. Previous studies revealed that these transcription factors induced the MSCs into hematopoietic tissue and bone, i.e. a donor-derived ectopic bone marrow, through a cartilage intermediate in the adult mouse kidney capsule ([@b29-ol-0-0-10788],[@b30-ol-0-0-10788]). Furthermore, certain patients with MDS responded to decitabine treatment ([@b22-ol-0-0-10788]). Thus further studies are required to clarify such discrepancies. It is important to consider the dosage of decitabine when interpreting the results obtained in the current study. However, other mechanisms including the post-transcriptional regulation of the transcription factors, DNA methylation and miRNAs, may be involved in the actions of decitabine ([@b9-ol-0-0-10788],[@b10-ol-0-0-10788]).

The current study investigated the effect of decitabine on the senescent phenotype of the isolated MDS-MSCs. The cellular senescence was associated with cells in the G0/1 phase of the cell cycle ([@b31-ol-0-0-10788]). The results obtained in the current study indicated that the cell cycle of MDS-MSCs was altered by decitabine treatment, leading to fewer cells in the G0/G1 phases. A previous study revealed that the senescent phenotype of MDS-MSCs was associated with cells accumulated in the G0/1 phase of the cell cycle ([@b9-ol-0-0-10788]). Accordingly, the mRNA expression level of CDKN1A in MDS-MSCs treated with decitabine was lower compared with the control group; however, this difference was not statistically significant. It is likely due to the fact that CDKN1A is not the only G0/G1 phase regulator; there are several other molecules, including TP53 and miRNAs, which are involved in the process ([@b9-ol-0-0-10788],[@b19-ol-0-0-10788]).

Tregs expansion in malignant diseases leads to the suppression of host antitumor responses and is a feature of the progression to aggressive subtypes in MDS ([@b32-ol-0-0-10788]). Tregs serve an important role during the progression of MDS from a low to a high-risk stage. Previous studies reported that the ability of high-risk MDS-MSCs to induce T cells to differentiate into Tregs is greater compared with low-risk MDS-MSCs ([@b32-ol-0-0-10788],[@b33-ol-0-0-10788]). The current study showed that he induction of activated T cells to differentiate into Tregs was impeded by MDS-MSCs treated with 0.25 µM decitabine. The aforementioned results suggested that decitabine treatment reverses the inhibitory immune microenvironment induced by MDS-MSCs. These results have important clinical implications, as the immunosuppressive microenvironment created by the senescent MSCs serves an important role in the progression from low-to high-risk MDS ([@b33-ol-0-0-10788]). The decreased expression of CD274 on decitabine-treated MDS-MSCs may be the mechanism underlying the impaired ability of the MDS-MSCs to induce activated T cells to differentiate into Tregs. CD274, a main ligand for programmed cell death 1, is widely expressed in tissues and contributes to the immunosuppressive microenvironment in MDS that protects malignant cells from immune destruction ([@b34-ol-0-0-10788]). Reversing the cellular senescence of MDS-MSCs may delay the progression of MDS ([@b9-ol-0-0-10788]).

The results of the current study suggested that MDS-MSCs may be targeted by novel pharmacological intervention and has important clinical implications. In recent years, knowledge surrounding immunological dysfunction and the function of the HSC niche in MDS has increased. A cure for MDS and AML is unlikely to be achieved through the selective targeting of the dysplastic/leukemic clones. Rather, a combination approach consisting of the following approaches may be more effective: i) targeting of the malignant clones; ii) targeting of the immune cells, with the aim of releasing the suppressive microenvironment or reconstruction of the antitumor immune response; and iii) modulating the surrounding microenvironmental protective niche to render it less hospitable to malignant cells and more amenable to normal HSCs ([@b35-ol-0-0-10788]).

In summary, the current study revealed that 0.25 µM decitabine altered the cell cycle distribution of the isolated MSCs from patients with MDS. Furthermore, decitabine-treated MDS-MSCs inhibited the induction of activated T cells to differentiate into Treg cells. The results obtained in the current study suggested that MDS may be partly ameliorated by reducing the immunosuppressive function of MDS-MSCs by decitabine treatment, providing a novel avenue for MDS interventions.
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![Morphology, immunophenotypic characteristics and differentiation potential of bone marrow-MSCs from patients with MDS. (A) The expression of MSC positive (CD73, CD90, CD105 and CD166) and negative (CD34 and CD45) markers. The light blue represents the respective isotype control, while the red represents MDS-MSCs. (B) MDS-MSCs exhibited fibroblast-like morphology. (C) Alizarin Red S staining of MSCs cultured in the osteogenic induction media for 14 days. (D) Oil Red O staining of cells cultured in the adipogenic induction media for 14 days. Original magnification, ×100. MSC, mesenchymal stem cell; MDS, myelodysplastic syndrome.](ol-18-05-4457-g00){#f1-ol-0-0-10788}

![Effect of viability on the proliferation and apoptosis of BM-MSCs from patients with myelodysplastic syndromes. (A) Growth curve of BM-MSCs was plotted using an MTT assay. The absorbance represents the viability of MDS-MSCs. Decitabine-treated BM-MSCs grew more slowly compared with the control group (n=10). The apoptosis rate was measured by flow cytometry in the control and decitabine-treated groups. (B) (a) The FSC/SSC gating-graph for the control group. The cells in the red circle represent the cells that were analyzed. (b) Early apoptotic cells of control group. (C) (a) The FSC/SSC gating-graph for decitabine-treated MDS-MSCs. The cells in the red circle represent the cells that were analyzed. Early apoptotic cells, late apoptotic cells and dead cells were defined as Annexin V-positive/7AAD-negative, Annexin V-positive/7AAD-positive, and Annexin V-negative/7AAD-positive cells, respectively. (b) Early apoptotic cells in the decitabine-treated group. (D) The y-axis represents percentages of the cells in each group. No significant difference in the percentage of early apoptotic, late apoptotic and dead cells was observed between the decitabine-treated and control groups (n=8). Student\'s t-test was used to analyze statistically significant differences. All data are presented as the mean ± standard deviation. BM-MSCs, bone marrow mesenchymal stem cells; FSC, forward scatter; SSC, side scatter; 7ADD, 7-aminoactinomycin D; FSC, forward scatter; SSC, side scatter; FITC, fluorescein isothiocyanate; OD, optical density.](ol-18-05-4457-g01){#f2-ol-0-0-10788}

![Effect of decitabine on the cell cycle distribution of BM-MSCs. The cells were exposed to 0.25 µM decitabine for 5 days. The BM-MSCs were collected, fixed and stained with propidium iodide for flow cytometry analysis. The DNA content is represented on the x-axis, the number of cells counted is represented on the y-axis. (A) The cell cycle distribution of the control group. (B) The cell cycle distribution of the decitabine-treated group. (C) The graph indicates the percentages of cells in the G0/G1, S and G2/M phases of the cell cycle. A reduction in G0/G1 phase and an increase in G2/M phase was observed for BM-MSCs of the decitabine group compared with the control group (P\<0.05). (D) The expression of CDKN1A in the PBS group and decitabine group was measured by reverse transcription-quantitative polymerase chain reaction. The ΔCq value of CDKN1A in the decitabine-treated group was higher compared with the control group. The black arrowheads on the represent the peak values of G0/1 and S phases, respectively. The results are expressed as means ± standard deviation. Student\'s t-test was used to detect statistically significant differences. \*P\<0.05. BM-MSCs, bone marrow mesenchymal stem cells; CDKN1A, cyclin dependent kinase inhibitor 1A.](ol-18-05-4457-g02){#f3-ol-0-0-10788}

![Effect of decitabine on the gene expression associated with the osteoblastic differentiation in bone marrow mesenchymal stem cells. Reverse transcription-quantitative polymerase chain reaction was performed to detect the expression levels of the osteogenic differentiation-associated genes RUNX2 and SP7 before osteogenic induction. The effect of decitabine on the mRNA relative expression levels of (A) RUNX2and (B) SP7 were not statistically significant (P\>0.05). The results are expressed as means ± standard deviation. The Student\'s t-test was used to detect statistically significant differences. RUNX2, runt related transcription factor 2; SP7, Sp7 transcription factor.](ol-18-05-4457-g03){#f4-ol-0-0-10788}

![Effect of decitabine on the immunomodulatory function of MDS-MSCs. For the detection of Tregs, forward vs. side scatter was plotted for lymphocytes, followed by gating for CD4+ T cells. These cells were then analyzed for the expression of CD25 and FoxP3. (A) The expression of CD25 and Foxp3 on CD4+ T cells was analyzed by flow cytometry. (B) Both decitabine-treated and PBS-treated MDS-MSCs efficiently generated CD4+CD25+Foxp3+Tregs from activated T cells. The results are expressed as means ± SD. The least significant difference test was used to detect statistically significant differences. (C) The Tregs induction in the decitabine group was significantly lower compared with that in the PBS group. Results are expressed as mean ± SD of nine separate experiments. (D) The ratio of the percentage of Tregs to CD4+ T cells (CD4+CD25+FOXP3+/CD4+) in the decitabine group was significantly decreased compared with the control group. The results are expressed as means ± SD. Student\'s t-test was used to detect statistically significant differences. **\***P\<0.05. MDS-MSCs, myelodysplastic syndromes-mesenchymal stem cells; Tregs, regulatory T cells; Foxp3, CD, cluster of differentiation; forkhead box P3; SD, standard deviation.](ol-18-05-4457-g04){#f5-ol-0-0-10788}

###### 

Clinical characteristics of patients with myelodysplastic syndromes.

  Characteristic     No. of patients   \% of patients
  ------------------ ----------------- ----------------
  Sex                                  
    Male             29                72.5
    Female           11                27.5
  Diagnosis                            
    RCMD             15                37.5
    RARS               2               5.0
    RAEB-I             9               22.5
    RAEB-II            5               12.5
    CMML               3               7.5
    MDS-U              4               10.0
    sAML               2               5.0
  IPSS                                 
    Low                6               15.0
    Intermediate-1   25                62.5
    Intermediate-2     7               17.5
    High               2               5.0

RCMD, refractory cytopenia with multilineage dysplasia; RARS, refractory anaemia with ring sideroblasts; RAEB, refractory anemia with excess blasts; CMML, chronic myelomonocytic leukemia; MDS-U, myelodysplastic syndrome-unclassified; sAML, acute myeloid leukemia with myelodysplasia-related changes; IPSS, international prognostic scoring system.

###### 

Primer sequences for reverse transcription quantitative polymerase chain reaction.

                                         Primer sequence (5′-3′)   
  -------------------------------------- ------------------------- -------------------------
  Cyclin dependent kinase inhibitor 1A   ACATCTTCTGCCTTAGTCTCA     GACTAAGGCAGAAGATGTAG
  Sp7 transcription factor               TCTCCATCTGCCTGGCTCCTT     CTGCACGCTGCCGTCAGCATG
  Runt related transcription factor 2    TCTTCAGCACAGTGACACCAT     CTGTTGCGCAGCCACCACCG
  CD274                                  GGTGCCGACTACAAGCGAAT      TGACTGGATCCACAACCAAAATT
  β-actin                                TATGGAGAAGATTTGGCACC      ATGAGACACACCTAAGGACC
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